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NATTONAL ADVISORY COMMITTEE FOR AERONAUTICS
RESEARCH MEMORANDUM

EFFECTS OF SEVERAT. HIGH-IIFT AND STALL-CONTROL DEVICES
. ON THE AERODYNAMIC CHARACTERISTICS OF A
SEMISPAN 49° SWEPTBACK WING

By U. Reed Barnett, Jr., and Stanley Lipson
SUMMARY

A low-speed Investigation has been conducted in the langley full-
scale tunnel to determine the effects of several high-1ift and stall-
control devices on the gerodynamic characteristics of a semispan wing
with 49.1° sweepback of the leading edge. The model had an aspect ratio
of 3.78, a taper ratio of 0.586, and incorporated NACA 658006 airfoil

-sections streamwise. The devices lnvestigated were a leading-edge

extensible flap, & slat, a plain trailing-edge flap, and a fence.
Limited tests were also conducted of boundary-layer control by blowing
over the tralling-edge flap and by suction through a spanwise slot.
Rolling characteristics of a flasp-type alleron were obtained for both
the basic wing and the wing equipped with stall-control devices. All
tests were conducted at a Reynolds number of 6.1 X 106, except for the
blowing tests which were made at a Reynolds number of k.k x 106.

At zerg angle of attack, the plain trailing-edge flap produced an
increment in 1lift coefficient of 0.36 at a flap deflection of 60°, but
it was relstively ineffective in increasing the meximum 1ift. Because
of the limited quantity of air employed in this preliminary test, only
small 1ift gains were realized as a result of blowing air over the
deflected trailing-edge flap. ’

The use of either the 0.5-wing-semispan leading-edge flap or slat,
with the trailing-edge flap neutrsl, resulted in a reduction of the
severity of the unstable break from that obtained with the basic wing.
The slat sppears to be somewhat more effective than the lesding-edge
flap in improving the effectiveness of the aileron In the high angle-
of-attack range.

In the high 1ift range, the best lift-to-drag ratio was obtained
with the trailing-edge flap deflected 45° and either the leading-edge
flap or slat Installed.

R | UNCLASSiIED
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INTRODUCTION

As part of a general investigation by the National Advisory
Committee for Aeronautics to study, at large scale, the effectiveness of
various stall-control and high-1ift devices towards improving the low-
speed characteristics of high-speed wing plan forms, tests were con-
ducted in the Langley full-scale tunnel to determine the longitudinal
aerodynamic characteristics of a semispan 49. 1° sweptback wing. The
wing incorporated NACA 65A006 sections streamwise and had an aspect -
ratio of 3.78 and a taper ratio of 0.586. Presented in this paper are
the results of tests of a leading-edge extensible flap, a slat, and o
plain trailing-edge flap. In sddition, the effect of the stall-control
devices on the rolling-moment characteristics of a flap-type aileron
are also presented. The results of the baslc wing tests and of tests
varylng the slat span and deflection angle are reported in reference 1.

In addition to the flap studies, a preliminary investigation was
conducted to determine the effect on the stelling and maximum-1ift
characteristics of the wing of boundary-layer suction through a span-
wise slot located on the upper surface of the wing, and of blowing a
high-velocity Jet of air over the deflected trailing-edge flap.

All tests were conducted at a Reynolds number of 6.1 X lO6 and a
Mach number of 0.10, except for the blowing tests which were made at a

Reynolds number of 4.% x 106 and a Mach number of 0.07.
COEFFICIENTS AND SYMBCLS

The data are referred to the wind axes with the origin at the
quarter-chord point of the mean serodynamic chord. The dats have been
reduced to standard NACA nondimensional coefficients which are defined
as follows:

Twice model 1ift

CL 1ift coefficient,
aS
CIm maximum 1ift coefficient
ax
Cp drag coefficilent, Iwice model drag

qaS

pitching-moment coefficient gbout quarter-chord point of mean
Twice model pitching moment

qgSc

Cm

eerodynamic chord,
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Rolling moment
gSb

rolling-moment coefficient,

E - Hy
a

pressure coefficient,

Plow coefficiént, —o
w C ciént, ==

Reynolds number, ﬁVE

free-stream total pressure, Ib/ft2
total pressure inside wing duct, 1b/ft°

free-stream dynemic pressure, SVQ, l'b/_ft2

twice quantity of air used in boundary-layer control tests,
_ft3/sec

twice area of semispan wing, ££2

twiée model wing area affected by boundary-layer control, ££2
_ o b/e2

mean serodynamic chord, §' A c=dy, ft

maess density of air, slugs/ft3 !

free-stream velocity, ft/sec

coefficient of viscosity, slugs/ft-sec

local. wing chord measured parallel to plane of symmetry, £t

local wing chord measured perpendicular to 0.50c’ line, %
(see fig. 1)

local flap chord measured perpendicular to 0.50c' line, £t
(see fig. 1)

local slat chord measured perpendicular to 0.50c' line, Tt
(see fig. 1)

twice span of semispan wing, ft
RN
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a angle of attack, deg
S5p trailing-edge-flap deflection angle, deg
&g aileron deflection angle, deg

ACLmax increment in maximum 1ift coefficient

MODEL

.The semispan wing is shown mounted on a reflection plane in the
Langley full-scale tunnel in figure 2. A description of the reflection
plane is presented in reference 2. The geometric characteristics and
principal. dimensions of the semispan wing are given in figure 1. The
wing has 49.1° of sweepback at the leading edge, an aspect ratio of 3.78,
a taper ratio of O. 586 and no geometric dihedral or twist. The airfoil
section parallel to the air stream is an NACA 65A006 section. The wing
tip is half of a body of revolution based on the same airfoilil section
ordinates. )

The high-lift and stall-control devices (figs. 1 and 3) employed
were: 0.15c¢' leading-edge slat installed at the outboard 50 percent of
the wing semispan; a 0.10c' leading-edge flap also tested at the out-

board O.5O~E locetion; a 0.25c!' inboard trailing-edge flap having a span

of 0, L69_, and a chordwise fence having a height of 0.036c, based on

the midsemispan cho?¥d, and divided into four separate sections. The

fence, which was made of %-inch plywood, was mounted parallel to the
free-stream direction. The nose and upper surface of the slat have the
ordinstes of the wing airfoil but the slat is not an integral part of
the wing and is mounted directly onto the ummodified basic wing leading
edge with the slat brackets alined normal to the leading edge of the
wing. TFurther details of the slat arrangement may be obtained from
reference 1. The leading-edge flap is made of sheet metal welded to a

1.375-inch-diameter steel tube.

In addition to the devices previously described, the wing is
equipped with two spanwise slots for boundary-layer control. A span-
wlse slot, 0.0lc' wide, 1s located at 0.20c' on the upper surface of
the wing (fig. 1) and 1s employed for boundary-layer control by suction.
The 1lip shape and entrance angle are illustrated in figure 3 and dupli-
cate those used in the investigation reported in reference 3. TImmedi-
ately ahead of the tralling-edge flap is the second slot which opens into
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the upper portion of the gap between the airfoil and the flap and is
used for blowing air over the flap. The slot gap employed was a

% -inch opening along the entire flap span and. represents asn 0.00425c

gap when based on the aversge streamwise chord for that portion of the
wing which contains the blowing slot. The slots are connected tc a
blower by ducts inside the wing which extend through the reflection
Plane at the wing root. Flexible ducting was used beneath the reflec-
tion plane to connect the wing ducts to the stationary blower ducts in
such a manner as to minimize the force transmitted from the blower ducts
to the balance system. All slots were sealed with wooden blocks and
smoothly faired to the wing contour when not in use.

For the aileron tests, a flap-type aileron, hsving a chord length
of 0.25¢" and divided into two spanwise sections, was used. The inboard

alleron began at 0.61%, which was immediately outboard of the flap, and

had a gpan of 0.23&%, while the outboard aileron had a span of 0.1562

and extended to the wing tip (fig. 1). The chord profile of the aileron
was the same as that of the flap. Both the trailing-edge flap and the
alleron were hinged normal to the 0.50c' line.

TESTS AND CORRECTIONS

Description of tests.- Data were obtailned through sn angle-of-
attack range from approximstely -2° to 31°. Force measurements were
made to determine the 1ift, pitching-moment, and drasg characteristics
of the basic wing alone and in various combinatlions with the high-1ift
and stall-control devices. The rolling-moment characteristics of the
aileron were determined for the basic wing end for the wing with stall-
control devices. All tests, except the blowing tests, were mede at a

Reynolds number of 6.1 x 10° and & Mach number of 0.10. For the blowing
tests the Reynolds number was k.b X 105 end the Mach number was 0.07.

Only a limited number of boundary-layer-control tests were conducted
since a preliminary analysis of the data indicated that, because of the
low pressure capabilities of the blower employed, even the maximum
obtainable Cq was much too low. ’

Corrections.- The data have been corrected for air-stream misaline-
ment, blocking effects, and jet-boundary effects. The Jet-boundary
corrections follow the method outlined in reference 4 for semispan wings.
The data obtained during the boundary-layer-control tests have been
adjusted for the tare effects of the ducting installation and the blowing

e
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test results were also corrected for the thrust effect due to ejecting
the -alr from the wing. The drag data obtained during the suction end
blowing tests have not been corrected for the drag equivalent of the
blower power requlrements since, for these tests, the reqlirements are
considered unrealistic because of the high duct losses which resulted
in much greater values of Cp than would be expected in en operational
instellation. The rolling-moment correction for the effects of the
reflection plane, as discussed in reference 2, was obtained from
unpublished results based on the methods of references 5 and 6.

RESULTS AND DISCUSSION

The results of this investigation are presented in the following
manner, The effects of deflecting the trailing-edge flaps are shown
in figure L4, and figure 5 presents the effect of blowing ailr over the
deflected flap, & = 60°, Figure 6 offers a comparison of the charac-

teristics provided by the slat and leading-edge flap with the trailing-
edge flap neutral and deflected 45°. The results of the boundary-layer .
. comtrol suction tests are given in figure 7. Figures 8, 9, and 10 pre-
sent the effects of various fence arrangements. Figure 1l gives, as a
function of 1ift coefficient, the lift-drag ratios of some of the more
significant wing configurations. The effectiveness of the flap-type
aileron, both alone and in conjunction with stall-control devices, 1s
illustrated in figures 12 and 13.

Lift Characterlstics

The data for the basic wing (fig. 4) show an inflection in the
wing 1lift curve at a Cy, of about 0.5 due to the effect of the leading-

edge separation vortex. A maximum 1ift coefficient of gbout 1.00 is
obtained for the basic wing. (For a detailed discussion, of the longl-
tudinal force and flow characteristics of the basic wing, see ref. 1.}

Deflecting the plain tralling-edge flap, without blowing, produced
an Increment in Cg which increased from 0.05 for a flap-deflection

angle of 30° to 0.08 for flap-deflection angles of 45° and 60°, fig-

ure 4(a). The increments in 1ift coefficlent st ¢ = 0° effected by
deflecting the trailing-edge flap 30°, 45°, and 60° were 0.26, 0.32,

and 0.36, respectively. The wing 1ift curves, flap deflected, are gener-
ally similar to that obtained for the basic wing, though the inflection
due to the separation vortex occurs at a higher 1lift coefficient, about
0.6 for the two largest flap deflections, and the angle of attack

for CLma-X is about 3° to 4O lower.
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Flow .surveys, employing wool-strand tufts attached directly to the
wing surface, indicated that for the subject wing, even at zero angle
of attack, the flow over the upper surface of the deflected trailing-
edge flap (8¢ = 45°) was stalled. In an attempt to improve this stalled
condition, high-energy air was blown over the deflected trailing-edge
flap, approximately tangent to the upper surface of the flasp, through
8 spanwise slot located at the wing-flap gap as shown in figure 3. In
addition, as suggested by reference T, the upper surface of the forward
portion of the flap was modified to provide a thicker, more bulbous
shape, which permitted the ejected air to impinge more directly on the
flap surface (fig. 3). The results of reference 7 indicate that signifi-
cant increases in 1ift may be obtained by means of the blowing tech-
nique. In order to increase the available Cg for the blowing tests
reported in this present paper, the free-stream velocity was reduced;
however, because of the scale effects shown in reference 1 for this wing,
& Reynolds number of L.h x 106, was the lowest test value employed. At
this Reynolds number a Cq of 0.007 and a veloclty ratlo (ratio of the
blowing air exiting velocity to the free-stream velocity) of about 1.3
were obtained, which, based on the results of other studies, still
appear to be far too small to produce any "near-optimum" results.

The result of this preliminary blowing test, then, was a CLmax

of 1.19 (fig. 5(a)) which was an increase of 0.1l over that obtained with
the plain trailing-edge flap deflected (Bp = 60°)} at a Reynolds number

of 6.1 x 106. Of this increment 0.08 is sttributed to the blowing and
0.03 to the flap-conmtour modification (compere figs. L4t and 5). At zero
angle of attack, the modification tc the flap contour and the blowing
were quite effective and resulted in Cy, increases of sbout 0.10

- and 0.05, respectively, above that obtained with the plaein trailing-edge

flap. No change in lift-curve slope occurred as & result of the boundary-
layer control by blowing.

The results of the tests of boundary-layer control by suction are
given in figure T, but are inconclusive due to the limited Cgq obtained.

Reference 3, however, shows that for a similar slot arrangement on a
similar wing plen form, a ACIp,, OFf 0.15 at a Cq of 0.028 was

obtained on the unflapped wing. It should be noted, however, that the
alrfoil of reference 3 had a streamwise thickness of about 0.09c¢ which

" would be expected to give a somewhat higher ACI ., than the 0.06¢c

section employed for these tests.

The wing 1lift characteristics obtalned with the ocutboard 0.50%

"leading-edge flap and the outboerd 0.502 slat (fig. 6(a)) are closely

2
comparable. The effects of the two leading-edge devices are also simi-
lar with the trailing-edge flap deflected.
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The maximum increases in Cr realized for the various fence

configurations investigated were of the order of 0.03 (figs. 8, 9,
and 10). .

Pitching-Moment Charscteristics

The 0.50% slat and leading-edge flap produced very simllar pitching-

moment characteristics (fig. 6(b)). Although the unsteble break in the
pitching-moment characteristics occurs at a lower value of C1 with

either device than with the basic wing (fig. 4¥(b)), this bresk is much
less severe.

The effects on the longitudinal characteristics of these two devices,
which are set at the same deflection, are nearly identical despite the
rather large physical differences between them. It appears that the
50 percent greater chord length of the slat, its airfoil-shape contour,
and the wing-slat gap contribute little, if any, to its effectiveness
in pitch when applied to the subject wing of 490 leading-edge sweepback.
As discussed in the subsequent section entitled "Aileron Characteristics,
however, the slat was more effective than the leading-edge flap in
improving the rolling characteristics of the flap-type aileron in the
high angle-of-attack range.

"

Deflection of the plain trailing-edge flap alone (fig. U4) extends
the 1ift coefficient at which the sharp unstable bresk in the pitching
moment occurs from about 0.6 to about 0.75.

The deflection of the leading-edge f£flap or slat in conjunction with
the trailing-edge flap (fig. 6) produces, in the moderate 1ift range,
an effect simllar to but not quite as stabilizing as that obtained when
these devices are employed on the basic wing. However, the wing remains
completely unsteble above a 1ift coefficlent of about 0.75.

The effect of the limited degree of boundary-layer control by
suction on stability (fig. 7(b)) indicates that the unstable pitching-
moment bresk is delayed about 0.15 in Cyj when the suction is employed

in conjunction with the O. 50— leading-edge flap.

A Pence configuration composed of parts 3 and 4 (fig. 3), and here-
sfter referred to as the main fence arrangenment, was tested at three

spanwise locations, O. h5—, 0. 50—, and 0. 55—, on the wing with the out-

board leading-edge slaet installed (fig. 8) The addition of the msain
fence further reduces the severity of the unstable bresk in the pitching
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moments and delays its occurrence from a Cy, of 0.50 to about 0.65.
However, there seems to be little effect of varying the spanwise loca-
tlon of the fence for the limited range of locations tested.

Also tested on the wing with the outboard leading-edge slat -
installed were several different lengths and chordwise locations of a

fence at the 0.50% station, and these results are presented in figure 9.

A study of figure 9(b) reveals that the pitching characteristics cbtained
with the main fence are not significantly altered by the addition of

the forward-located sections, parts 1 end 2. However, a comparison of
the date in figures 8 snd 9 indicates that installing a small end plate
on the inboard end of the slat (part 1 of the fence, fig. 3) appears to
improve slightly the aerodynamic characteristics, in the high-1ift range
below stall, of the wing with the slat extended. '

Two fence configurations were tested at the O.50%-station on the

wing with the outboard slat and trailing-edge flap installed, and the
results of these tests are shown in figure 10. In general, the effects
of the fence are similsr to those previously described for the configu-
ration with the slat deflected slone.

In evaluation of these stall-control devices in terms of over-all
airplane stebility, consideration should be given to the .probable effect
of these devices on the effectiveness of the horizontal tail in addi-
tion to the wing-alone stability changes indicated herein (see, for
example, refs. 8 and 9).

Drag Characteristics

For the test configuration of blowing air over the defilected
trailing-edge flap, a drag reduction was realized even for the low Cq

employed (fig. 5(c)). The probsble casuse of this drag reduction is the
energy imparted to the stalled flow over the 60° deflected flap by the
exiting blowing air. It should be noted, however, that as previously
mentioned in the section entitled "Tests and Corrections,” the drag
results discussed herein do not include the effects of blower power drag.

In the case of the suction slot, however, the low available Cq

was probably too small to prevent flow separation at the 1lips of the
suction slot end a drag penalty was incurred (Ffig. T(c)).

The highest value of I/D obtained in this investigation (fig. 11) .
was approximately 17 and was reached with the basic wing at a Cy, of

gbout 0.28. In the high 1ift range, the best I/D ratio was obtained

TR

.
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with the trailing-edge flep deflected h5° in combination with either the
leading-edge flap or slat. This configurstion produced a maximum I/D
of about 7.5 at a Cy of about 0.68.

Alleron Characteristics

The varistion with angle of attack of the rolling-moment coefficient
due to deflecting one aileron (left wing panel) is shown in Ffigure 12.
For the basic wing configuration, below about o = 12°, the data appear
linear In that proportional increases in rolling-moment coefficient are
realized for increases in span snd deflection. In the higher « range,
above about o = 12°, there is a marked decrease in effectiveness of
the aileron. The estimated C; values, calculated by the method of
reference 10, are somewhat optimistic in the high o range for the

0.152-span glleron snd .over the entire o range for the O.39§-—span

gileron.

Figure 13 illustrates the effect of stall-control devices, Jocated
outboard on the wing, on the rolling moments provided by the O.39§-—span

eileron. As shown, both the slat and leading-edge flap effect large
improvements in the rolling charscteristics obtained with the flap-type
aileron in the high o range. Above an angle of attack of about 20°,
extending the slat increases the rolling moment due to alleron deflec-
tion by about TO percent. Not only greater values of C; but a more

linear trend in the variation of C; with o . is obtained with the slat

88 compared to the leading-edge flap. This difference between the
characteristics obtained with the leading-edge flap and the slat would
appear to be paradoxical in light of their closely comparsble effects

on 1lift, drag, and pitching moment. Presumsbly the boundary layer
toward the rear of the tip sections is thinner for the slat than for the
flap, and, although the difference may not be sufficient to effect
appreclably either the 1ift or the pitching moment, 1t may terd to
improve the effectiveness of the deflected aileron.

CONCLUDIN: REMARKS

An 1nvestigation has been conducted to determine the effect of
various high-1ift and stall-control devices, including houndary-lsyer
control, on the serodynamic characteristics of a 19.1° sweptback wing
having an aspect retio of 3.78, a taper ratio of 0.586, and NACA 65A006
sections streamwise, ’

-
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Both the leading-edge flap and slat reduced the severity of the
unstable break from that obtalned with the basic wing. Despite large
geometric differences, the lesding-edge flap and slat produce closely
comparable 1ift, drag, and pitching-moment characteristics. When
employed for improving the rolling characteristics of the aileron at
the high angles of attack, however, the slat appears to be the more
effective of the two stall-control devices.

At zero angle of attack, the plain trailing-edge flap produced an
Increment in 1ift coefficient of O. 36 at s flap deflection of 60° » but
was relatively ineffective in increasing the maximum 1ift of the subject
wing. 3Because of the limited quantity of air employed in this prelimi-
nary test, only smell 1ift gains were realized as a result of blowing
air over the deflected trailing-edge flap. In order to judge adequately
the feasibility of thils type of boundary-layer control as a means of
increasing the meximum 1ift of the subject wing, additional tests with
higher rates of air flow will be required.

Isngley Aeronautical Laboratory
National Advisory Committee for Aeronsutics
Langley Field, Va.
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Figure 2.- The gemispan 49.1° sweptback wing, with semispan slat Installed,
mounted in the Langley full-scale tunnel.
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Flgure 5.~ The effecte of blowing slr over the mddified trailing-edge
flap on the aerodynamic characteristics of a 6&emispa.n 49.1° swept-
back wing., TFlap deflected 60%; R = k% x 105, '
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Flgure 5.- Continued.
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Figure 6.- The effects of leading-edge devices on the serodynamic
characteristics of a semispan 49.1° sweptback wing; trailing-edge
flap neutral and deflected 45°.
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Figure T.- The effects of boundary-lsyer control by sucticn on the
aerodynsmic characteristics of a semiepan 49,1° sweptback wing alone
and in combination with the outboard 0.50b/2 leading-edge flap,
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Figure 8.- The effects of spamwise location of the main fence (parte 3

and 4, fig. 3) on the merodynamic characteristics of a semispan

49.1° sweptback wing with outboard 0.500/2 leading-edge slat installed.

Bp = 0°.
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Figure 8.- Continued.
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Figure 9.~ The effects of several chordwise fence configurations on the
aerodynemic characteristics of a semispan L49.1° sweptback wing with

outboard 0.50b/2 leading-edge slat installed. Fence at 0.50b/2;
8¢ = 0¥, '
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Figure 9.- Continued.
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Figure 9.- Concluded.
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Figure 10.- The effects of a fence on the aerodynamic characteristics of

a semispan 149.1° sweptback wing with outboard 0.50b/2 leeding-ed

g8laet installed and trailing-edge flap deflected.
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Figure 10.- Continued.
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Figure 1l.- Lift-drag ratios for several configurations tested on a
semispan 49.1° aweptback wing. :
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Figure 12.- Rolling-moment characteristics due to alleron deflectlon for
a 19.1° sweptback wing. Basic configuration.
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Flgure 13.- Effect of O.50'b/2 leading-edge flap and slat on the
rolling-moment cheracteristics due to 0.39b/2 aileron deflection
for e 49.1° sweptback wing.
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